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Antigens present in crude supernates from mycelial cultures are currently
used for demonstrating delayed hypersensitivity to the fungi producing deep-
seated infections. There are several reasons why it would be desirable to isolate
the skin-reactive antigens in a pure form. The possession of a pure antigen would
permit its chemical structure to be established, expedite studies on the mech-
anism of the delayed reaction, permit the compound to be standardized on a
weight basis, and would possibly eliminate some of the undesirable cross reactions
occurring among Histo plasma capsulatum, Blastomyces dermatitidis, Coccidioides
immitis, and other fungi.
The present paper reports the isolation of antigens from yeast phase cultures
of Blastomyces dermatitidis and the comparison of these antigens with blastomy-
cm, a crude supernate from cultures of the mycelial phase. Yeast phase cultures
were chosen for fractionation in preference to blastomycin in the hope that anti-
gens of increased sensitivity and specificity would result since it is the yeast
phase that is found in infected tissues. A survey of the literature has revealed
only a single article in which the skin reactivity of an antigen from yeast cells
of B. dermatitidis was studied (4), and cross reactivity was not determined.
Literature dealing with fractionation of antigens from other fungi is included in
a preliminary report (5).
MATERIALS AND METHODS
The strains of B. dermatitidis used were designated B7 and B16.t Cultures
were maintained in the yeast phase by use of a neopeptone dialysate medium
(5). This medium was dispensed in two liter Erlenmeyer flasks which were incu-
bated at 37C on a rotary action flask shaker at 180 r.p.m. Cultures showing evi-
dence of contamination or less than 95 per cent yeast phase cells were discardcd.
Animals were infected with 5 X l0 yeast phase cells per kilogram of body
weight. Rabbits \vere injected intravenously and guinea pigs intraperitoneally.
All animals were demonstrated to be negative to histoplasmin and blastomycin
before infection. Other groups of animals were infected with similar doses of
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yeast cells of H. capsulatum, Cryptococcus neoformans, Sporotrichum schenclcii,
and Candida albicans, as well as with spore suspensions of Coccidioides immitis.
Skin tests were conducted at weekly intervals by the injection of 0.1 ml of
saline solution containing the desired concentration of antigen. Observations were
made at short intervals after injection to detect possible immediate reactions and
at 24 and 48 hours. Animals reported as positive in the tables are those in which
a delayed reaction occurred with a zone of induration exceeding 3 mm.
Blastomycin and histoplasmin prepared from mycelial cultures were kindly
furnished by Parke, Davis and Company, and Eli Lilly and Company. Histo-
plasmin was also furnished by The National Institutes of Health.
Yeast phase antigens were isolated from two sources, the cells and the cultural
supernate. Details of the isolation of somatic antigens are summarized in Table
I and will be omitted from the test since none of these antigens fulfilled the cri-
teria of simultaneous high sensitivity and high specificity.
TABLE I
Reactivity of somatic antigens from yeast phase cells
Antigen Number IsolationProcedure Concentration
Skin Reactions in Infected Rabbits
B. dermatijidis H. capsulatum
Reactors
Totals
Average
diameter of
induration
Reactors
Totals
Averagediameter of
induration
56
58
111
117
121
21
23
F, AA
F, AC
G, E50
G, E67
G, E75
S, P5
S, P11
sgt
100
100
10
10
10
10
10
2/3
3/3
0/11
7/11
2/11
3/3
3/3
mm
7
11
—
6
6
12
6
0/4
4/4
0/9
0/9
0/9
3/5
1/5
mm
—
5
—
—
—
3
4
Reference frac-
tion 7
100
10
1
0.1
11/11 15
11/11 10
11/11 5
2/11 6
6/9
0/9
0/9
0/9
5
—
—
—
* The following code was used for referring to procedures in the table:
F—formamide extraction, 1 hour at 165 C.
AA—precipitation of extract with 38% acid alcohol (prepared by adding 95 parts ethanol
to 5 parts 2N HC1).
AC—precipitate secured by adding 43% acetone to fraction 56.
G—supernate from yeast cells ground in a ball mill.
Em, En, Em—precipitate secured by adding 10% sodium acetate, 1% acetic acid and
ethanol. The subscript numerals represent the percentage of ethanol used.
S—cells extracted at room temperature to remove lipid. Solvents employed were:
absolute ethanol, followed by acetone, followed by 1:1 chloroform-methanol.
P5—extracted with 0.1 ionic strength phosphate buffer, pH 4.94, followed by precipita-
tion of antigen by adding 83% ethanol.
P11—identical to P5, except that pH of buffer was 11.08.
f Dissolved in 0.1 ml saline solution and injected intracutaneously.
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Satisfactory antigens were isolated from cultural supernate by a variety of
precipitants including ethanol, acetone, copper acetate, and lead acetate. Anti-
gens precipitated with ethanol were superior to the others.
To prepare skin test antigen by ethanol precipitation, six-day cultures were killed with
one per cent phenol, one per cent formalin, or in some cases were not killed at all. The
majority of cells was removed by decantation and the remainder taken out by passage
through a Seitz clarifying pad. The supernate was then reduced to approximately 10 per cent
of the original volume by perevaporation at room temperature and one per cent acetic acid
and 10 per cent sodium acetate were added. The solution was cooled to 5° C. and absolute
ethanol also at 50 C.was added with constant mechanical stirring. The precipitate occurring
TABLE II
Skin tests in rabbits of fractions precipitated from cultural supernates with varying concentra-
tions of ethanol
Percentage of
Ethanol Used for
Precipitation
Antigen Number
Skin Reactions in Infected Rabbits
B. dermaUtidis H. capsuicetum
Reactors
Totals
Average diameter
of induration
Reactors
Totals
Average diameter
of induration
mm mm
34 0/5 — 0/6 —
80 4/5 8 0/6 —
42 1/5 6 0/6 —
50 4/5 9 0/6
67 35 5/5 10 0/6
78 5/5 9 0/6
82 5/5 10 0/6
92 4/5 7 0/6
44 5/5 7 0/6
52 5/5 10 0/6
75 36 1/5 7 0/6
79 5/5 10 0/6
85 5/5 8 0/6
93 5/5 10 0/6
46 2/5 10 0/6
80 37 1/5 5 0/6
139 2/9 6 0/11
47 0/5 — 0/6
53 1/5 5 0/6
83 38 0/5 0/6
48 0/5 0/6
54 0/5 0/6
91 39 0/5 0/11
49 0/5 0/11
10 cg of antigen dissolved in 0.1 ml of saline solution was injected intracutaneously.
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after the addition of 50 per cent ethanol was removed and additional quantities of ethanol
were added as shown in Table II. The precipitates were dissolved in water and reprecipi-
tated by the same procedure. Acetone precipitation was effected by an analogous procedure.
Heavy metal precipitation was carried out by adding to the perevaporated supernate suf-
ficient saturated solution of lead acetate or copper acetate to induce the maximal volume of
precipitate. The correct proportions were determined by preliminary experiments. The
metallic ion was then removed by electrodialysis (6).
All samples were dialyzed against distilled water at 5° C. until free from inorganic ions
and dried by lyophilization. Fractions were numbered in chronological order of preparation
to facilitate reference.
Protein was removed from fraction 136 by shaking an aqueous solution with chioro-
foim (7).
RESULTS
The resu'ts of skin testing infected rabbits with antigens isolated from the
yeast cells are shown in Table I. In this table, as in following tables, it will be
seen that animals were tested simultaneously with new fractions and a reference
fraction number 7. Reference fraction 7, which was isolated by precipitation with
67 per cent ethanol, was chosen because it fulfilled the dual criteria of high
TABLE III
Comparison of fractions precipitated from yeast phase cultural supernates with cop per, lead, or
acetone
Skin Reactions in Infected Rabbits
Isolation . B. dermatitidis H. capsulatumAntigen Number Procedure Concentration
Reactors Average Reactors Averagediameter of diameter ofTotals induration Totals induration
mm mm
68 Cu* 1000 2/2 12 1/4 5
100 2/2 8 0/4 —
10 1/2 6 0/4 —
1 0/2 — 0/4 —
69 Pb* 1000 2/2 9 0/4
100 2/2 8 0/4
10 1/2 7 0/4
1 0/2 — 0/4
72 AC67* 1000 2/2 14 0/4
100 2/2 9 0/4
10 1/2 6 0/4
1 0/2 0/4
Reference frac-
tion 7
E67 100
10
3/3
3/3
11
9
1/4
0/4
* Cu—Precipitated from supernate with copper acetate at room temperature; electro-
dialyzed. Pb—Precipitated with lead acetate; electrodialyzed. ACS7—Precipitated with
67% acetaone at room temperature.
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specificity and high sensitivity. It can be seen that the antigens listed in Table I,
other than the reference fraction, were not satisfactory.
In Table II are listed replicate samples of antigens precipitated from cultural
supernates with varying concentrations of ethanol. Precipitates resulting from
the addition of 50 per cent ethanol failed to cross react at the 10 tg level but
were not completely sensitive. Those fractions precipitated with 67 per cent
ethanol failed to cross react in rabbits infected with H. capsulatum but reacted
with all B. dermatitidis-irifected animals with but a single exception. Diminish-
ing returns were secured with higher percentages of ethanol. On the basis of these
results, 67 per cent ethanol was chosen as the optimal concentration for precipita-
tion. Fractions secured by precipitating the supernate with copper, lead, or ace-
tone were specific but seemed to possess a somewhat lower order of reactivity on
a weight basis than the ethanol-precipitated fractions, as can be seen in Table III.
It is common knowledge that blastomycin does not exhibit cross reactivity to
as high a degree as histoplasmin and this is borne out in Table IV. The com-
mercial blastomycin was both specific and sensitive at dilutions of 1:10 and
1:100. Fraction 7, however, was specific and sensitive over a somewhat greater
range and reacted in some animals at a concentration as low at 0.01 g.
Since most of the work presented was done in rabbits, it was felt desirable to
evaluate fraction 7 in infected guinea pigs. In the guinea pig the results were not
so striking as had been observed in the rabbit and fraction 7 exhibited both high
sensitivity and high specificity within a narrower weight range. In the same ani-
mals, the commercial blastomycin was even less satisfactory and was not com-
pletely sensitive at a dilution in which cross reaction began to appear.
In addition to cross reaction studies in animals infected with H. capsulatum,
the Blastomyces antigens were also injected intracutaneously into animals in-
TABLE IV
Comparative titrations of commercial blast omycin and yeast phase fraction 7
in infected rabbits
Antigen Concentration
Skin Reactions in Infected Rabbits
B. dermatit4is H. copsulatum
Reactors
Totals
Average diameter
of induration
Reactors
Totals
Average diameter
of induration
Blastomycin
Fraction 7
1/10
1/100
1/1000
100 sg
10 sg
1 sg
0.1eg
0.01 eg
0.001 zg
3/3
3/3
0/3
11/11
11/11
11/11
6/11
2/5
0/5
mm
10
7
—
14
11
7
5
5
—
0/4
0/4
0/4
1/12
0/12
0/12
0/12
0/6
0/6
mm
—
—
—
7
—
—
—
—
—
452 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE V
Comparative titrations of commercial blastomycin and yeast phase fraction 7
in infected guinea pigs
.Antigen .Concentration
Skin Reactions in Infected Guinea Pigs
B. dcrmc4itidis H. capsulstum
Reactors
Totals
Average diameter
of induration
Reactors
Totals
Average diameter
of induration
Blastomycin
Fraction 7
1/10
1/100
1/1000
100 pg
10 pg
lpg
8/9
2/9
0/9
9/9
9/9
0/9
mm
7
7
—
10
7
—
1/7
0/7
0/7
1/7
0/7
0/7
mm
6
—
—
6
—
—
fected with Cry ptococcus neoformans, Sporotrichum schenckii, Coccidioides im-
mitis, and Candida albicans. Since the purified Blastomyces antigens failed to
cross react in animals infected with any of the latter four species, these have not
been included in the tables.
It is of interest that the method of killing the cultures appeared to have no
effect on the reactivity of the antigens. Replicate fractions isolated from cultures
which had been killed with phenol, formalin, or which had not been killed at all,
displayed similar reactivity.
All skin tests reported in this article were conducted between five and twenty-
seven weeks post infection. Repeated tests with reference fractions within this
time interval indicated that there was little change in reactivity of the purified
antigens.
The chemical nature of the purified antigen which was precipitated from yeast
phase cultural supernates with 67 per cent ethanol has not been completely de-
termined. Qualitative chemical tests indicated the presence of both a polysac-
charide and a protein or peptide. Qualitative Benedict tests for reducing sugar
were negative before acid hydrolysis and positive following hydrolysis. The
Molisch test was positive before hydrolysis. Bial's test for pentose, and the iodine
test for starch were negative. The Biuret test and the Folin-Ciocalteau reaction
for tyrosine were both positive, and the Ninhydrin test was negative. The ma-
terial was non dialyzable. On the assumption that the antigen was a polysac-
charide, removal of protein by shaking an aqueous solution with chloroform was
carried out. Following this treatment it was found that the antigen had lost all
reactivity although it still gave positive tests for polysaccharide. On the basis of
this result, it may be tentatively postulated that the reactive antigen may be
either a protein or a peptide or perhaps a complex of one of these with carbohy-
drate. Further work will be required to establish the exact chemical nature of the
skin test antigen.
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DISCUSSION
Blastomycin, the crude supernate from cultures of the mycelial phase of B.
dermat'itidis is widely used as a skin test antigen. On the basis of previous work
(4, 5) and of data presented in this paper, it is apparent that a skin test antigen
of superior sensitivity may be isolated in at least a semi-pure form from yeast
phase cultures. The yeast phase antigen is also specific although this is not so
important as in the case of histoplasmin (8) because even crude mycelial blasto-
mycin is relatively specific.
The isolation of the yeast phase skin test antigen is of value not only because
it possesses high sensitivity and specificity but also because its isolation in the
present form will permit standardization on a weight basis as well as the identifi-
cation of its chemical nature.
It is interesting that to date attempts to demonstrate an antigen of high sen-
sitivity and specificity in the yeast cell soma have not been successful. The most
satisfactory antigens are those precipitated from cultural supernates with ethanol
at 50 C. Since presumptive evidence indicates that procedures designed to re-
move protein also remove the reactivity of the antigen, future work will be de-
signed toward elucidating the possible role of protein or perhaps a peptide in
skin reactivity. If the reactive portion of the molecule is found to be a protein,
it may well be that some denaturation results from the use of ethanol at this tem-
perature and a modification in the isolation procedure may be necessary.
The yeast phase antigen reacts more satisfactorily in the rabbit than the guinea
pig. This may reflect a species difference or may be due to the fact that the two
species were infected by different routes. At any rate, the excellent results ob-
tained in the rabbit may not hold true for other species. It will obviously be de-
sirable to evaluate these antigens in human patients.
SUMMARY
Antigenie fractions were isolated from yeast phase cultures of Blastomyce.
dermatitidis and assayed for skin test reactivity in infected rabbits and guinea
pigs. Somatic antigens extracted from yeast cells did not possess the desired
criteria of simultaneous high sensitivity and specificity; however, a fraction
precipitated from yeast phase cultural supernate with 67 per cent ethanol was
superior to blastomycin. This fraction has produced a delayed skin reaction in
B.-dermatitidis-infected rabbits in amounts as low as 0.01 micrograms and fails
to react in rabbits infected with H. capsulatum, C. immitis, C. albicans, S.
schenckii and C. neoformans. A procedure designed to remove protein destroys
the skin test reactivity of this antigen.
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